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Translation [machine] of JP 2000-237598 



CLAIMS 



[Claim 1] The manufacture approach of the light response mold photocatalyst characterized by 
including the 1st process which makes said semi-conductor contain said cation by contacting the 
medium which contains the cation whose constituent of said semi-conductor is a different 
component on the surface of a semi-conductor, and the 2nd process which heats said semi- 
conductor containing said cation in reducing atmosphere. 

[Claim 2] A cation B, P, Ti, V, Cr, and Mn, Fe, Co, nickel, Cu, and Zn, Ga, Zr, Nb, Mo, and Pd, Ag, 
Cd, Sn, Sb, and Hf, Ta, W, Pt, Hg, Pb, Bi, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, the 
manufacture approach of the light response mold photocatalyst according to claim 1 which is at 
least one sort chosen from the group which consists of Yb and Lu. 

[Claim 3] The manufacture approach of a light response mold photocatalyst according to claim 1 or 

2 that the medium containing a cation is a liquid. 

[Claim 4] The manufacture approach of a light response mold photocatalyst according to claim 1 to 

3 that the content of the cation in a semi-conductor is 1 or less % of the weight 10 ppm or more. 

[Claim 5] The manufacture approach of a light response mold photocatalyst according to claim 1 to 

4 of carrying out the process which carries out the laminating of the constituent of said semi- 
conductor to the front face of the semi-conductor which contains a cation between the 1st process 
and the 2nd process. 

[Claim 6] The manufacture approach of a light response mold photocatalyst according to claim 5 of 
carrying out the process which carries out the laminating of the constituent of said semi-conductor 
on the surface of a semi-conductor by the vacuum forming-membranes method. 

[Claim 7] The manufacture approach of a light response mold photocatalyst according to claim 5 of 
carrying out the process which carries out the laminating of the constituent of said semi-conductor 
on the surface of a semi-conductor by the **** method. 

[Claim 8] The manufacture approach of a light response mold photocatalyst according to claim 1 to 

7 that the temperature of heating in the 2nd process is 200 degrees C - 800 degrees C. 

[Claim 9] The manufacture approach of a light response mold photocatalyst according to claim 1 to 

8 that a semi-conductor consists of titanium oxide or a zinc oxide. 



DETAILED DESCRIPTION 




[Field of the Invention] 

[0001] This invention relates to the manufacture approach of the photocatalyst which discovers 

photocatalyst activity by the exposure of the light. 

[0002] 

[Description of the Prior Art] As current and a photocatalyst, the titanium oxide which changes 
ultraviolet radiation into chemical energy is mainly used. As for use of a photocatalyst, the activity 
in various fields, such as disassembly of antibacterial [ including decomposition removal of an odor 
component, VOC, etc. ], antifouling, and water and a solar battery, is expected. However, unless it 
irradiated the light of the ultraviolet region of wavelength shorter than about 380nm, catalytic 
activity did not discover the old photocatalyst, and the light of the visible region that to sunlight or a 
fluorescent lamp included was not able to be used effectively. [ many ] 
[0003] In order to solve this problem, in JP,9-262482,A, a metal ion is irradiated at titanium oxide, 
where the high energy of 30 or more keVs is given and accelerated, and the photocatalyst which 
poured the metal ion into titanium oxide is indicated. According to the above-mentioned official 
report, this photocatalyst acts effectively even in a visible region. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in order for ion implantation equipment to 

become indispensable and to produce industrially, there is a technical problem that great plant- 

and-equipment investment is needed in manufacture of this photocatalyst. 

[0005] This invention solves the above-mentioned technical problem, and aims at offering the 

approach of manufacturing the photocatalyst which discovers a function effectively even in a visible 

region, without using a special facility like ion implantation equipment. 

[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, as a result of 
inquiring wholeheartedly, this invention person found out that the photocatalyst which carried out 
reduction processing and obtained the semi-conductor which made the cation contain inside from 
the front face showed activity in a visible region, and completed this invention based on this 
knowledge. 

[0007] That is, the manufacture approach of the light response mold photocatalyst of this invention 
is characterized by including the 1st process which makes said semi-conductor contain said cation, 
and the 2nd process which heats said semi-conductor containing said cation in reducing 
atmosphere by contacting the medium which contains the cation whose constituent of said semi- 
conductor is a different component on the surface of a semi-conductor. 
[0008] According to this invention, a light response mold photocatalyst can be manufactured 
industrially, without using a special facility. 

[0009] By the manufacture approach of this invention, a cation B, P, Ti, V, Cr, and Mn, Fe, Co, 
nickel, Cu, Zn, and Ga, Zr, Nb, Mo, Pd, and Ag, It is desirable that it is at least one sort chosen 
from the group which consists of Cd, Sn, Sb, Hf, Ta, W, Pt, Hg, Pb, Bi, Pr, Nd, Pm, Sm, Eu, Gd, 
Tb, Dy, Ho, Er, Tm, and Yb and Lu. As a cation, at least one sort chosen from Cr, V, Cu, Fe, Ag, 
Mn, Pb, and Nb is still more desirable, and at least one sort chosen from Cr, V, Fe, and Mn is the 
most desirable. 

[0010] Although the medium containing a cation may be a gas or a solid-state by the manufacture 
approach of this invention, it is desirable that it is a liquid. 

[001 1] It is desirable that the content of the cation in a semi-conductor is 1 or less % of the weight 
10 ppm or more by the manufacture approach of this invention. If there are too few contents of a 
cation, it will become difficult to use the light effectively. On the other hand, when there are too 




many contents of a cation, cations gather, it becomes an oxide particle and the possibility of 
checking the catalytic activity in a visible region exists. From such a viewpoint, the content of a 
cation has still more desirable 50 ppm or more, and its 500 ppm or less are still more desirable 
similarly. 

[0012] It is desirable to carry out the process which carries out the laminating of the constituent of 
said semi-conductor to the front face of the semi-conductor which contains a cation between the 
1st process and the 2nd process by the manufacture approach of this invention. According to this 
desirable example, catalytic activity improves further. A cation is because the way which exists in 
the interior is more desirable than the front face of a semi-conductor from a viewpoint which raises 
catalytic activity. 

[0013] It is desirable to carry out the process which carries out the laminating of the constituent of 
said semi-conductor on the surface of a semi-conductor by the vacuum forming-membranes 
method by the manufacture approach of this invention. Here, the vacuum forming-membranes 
method means the approach of forming a thin film using decompressed ambient atmospheres, 
such as vacuum deposition, the sputtering method, and a chemistry gaseous-phase method (CVD 
method). Moreover, it is desirable to carry out the above-mentioned process by the **** method by 
the manufacture approach of this invention. Here, the **** method means the approach of forming . 
the film of the component which dissolved in the solution with the sinking-in method, self- 
possessed method, and ion adsorption process etc. 

[0014] It is desirable that the temperature of heating in the 2nd process is 200 degrees C - 800 
degrees C by the manufacture approach of this invention. 

[0015] It is desirable that a semi-conductor consists of titanium oxide or a zinc oxide by the 

manufacture approach of this invention. 

[0016] 

[Embodiment of the Invention] Hereafter, the gestalt of desirable operation of this invention is 
explained. It is desirable to use as a cation the ion illustrated above combining one sort or two sorts 
or more. Especially the valence of a cation is not limited. A cation serves as a valence lower than 
the original valence by heat-treatment in reducing atmosphere in many cases. 
[0017] The method of making the interior of a semi-conductor contain a cation is performed by . 
contacting the medium (for example, medium phase which is a gaseous phase or the liquid phase) 
which contains a cation in the semi-conductor which is a solid-state. This approach is performed by 
infiltrating the medium containing a cation into a semi-conductor preferably. Although not 
necessarily restricted especially, the method of infiltrating the solution containing a cation into a 
semi-conductor as a typical approach is mentioned. A cation is diffused inside from the front face of 
a semi-conductor, in this case, a solution may be heated (for example, beyond a room temperature 
- the temperature of 100 degrees C or less), and the ion exchange may be used positively. 
Organic solvents, such as water and alcohol, can be used as a solvent for preparing the solution 
containing a cation. 

[0018] As for a cation, being contained inside a semi-conductor is more desirable rather than 
having exposed on the surface of a semi-conductor. A cation is because use of the light of a 
photocatalyst is promoted in the condition of being contained inside the semi-conductor. Therefore, 
specifically, the thing of a cation included especially for 99% or more inside the semi-conductor is 
desirable 95% or more. Moreover, as for a cation, in the interior of a semi-conductor, distributing to 
homogeneity mostly is desirable, without condensing. 

[0019] If the laminating of the constituent of a semi-conductor is carried out on the surface of a 
semi-conductor after carrying out processing which makes a cation contain, the ratio of the cation 
which exists in the interior of a semi-conductor can be raised. As for the semi-conductor which 




carries out a laminating, it is desirable that it is the same presentation as the semi-conductor which 
made the cation contain. Although not restricted especially like the above as this approach, the 
approach of drying, after infiltrating the approach of hydrolyzing, for example after infiltrating the 
alcoholic solution of a metal alkoxide (for example, titanium alkoxide) into a semi-conductor, and 
the solution containing a semi-conductor component into a semi-conductor is mentioned. By these 
approaches, since a semi-conductor precursor is formed, it calcinates further and a semi-conductor 
is usually formed from a precursor. 

[0020] Moreover, the semi-conductor thin film of this semi-conductor and this component may be 
formed on the surface of a semi-conductor with vacuum deposition, the sputtering method, a CVD 
method, etc. Here, although especially the formation approach of a semi-conductor thin film is not 
restricted, the CVD method using the organic compound (for example, metal alkoxide) and 
inorganic compound which contain a semi-conductor component, for example as a raw material is 
suitable for it. You may oxidize, after making these raw materials adsorb on a semi-conductor. In 
addition, as for the thickness of the semi-conductor thin film to form, it is desirable that they are one 
or more molecular layers. 

[0021] In this way, after making the interior contain a cation, a semi-conductor is heated in reducing 
atmosphere. Especially heating temperature has desirable 350-500 degrees C 200-800 degrees C. 
Although use of hydrogen gas is desirable in order to consider as reducing atmosphere, other gas 
or the mixed gas of hydrogen gas and other gas may be used. 

[0022] The heat-treatment under reducing atmosphere is a process important for the manifestation 
of the photocatalyst activity in a visible region. If it replaces with reducing atmosphere and an 
oxidizing atmosphere is adopted so that it may mention later, catalytic activity will fall. 
[0023] Now about the detail of the reaction mechanism of the photocatalyst of this invention, it is 
not clear. However, a cation is considered at least that change of the electronic state of a semi- 
conductor by being preferably introduced into homogeneity and high distribution inside a semi- 
conductor is involving. By change of this electronic state, a photocatalyst can absorb the light now 
and an electron and an electron hole produce it in a semi-conductor by the absorption of light. An 
electron acts on a reduction reaction and an electron hole acts on oxidation reaction. 
[0024] In addition, although especially the semi-conductor that can be used as a base material may 
be restricted and may be.****, barium titanate, etc., titanium oxide or its zinc oxide is desirable, and 
its titanium oxide is the most desirable, especially the crystal form of titanium oxide is not limited, 
but may come out, including an anatase mold and a rutile mold. 

[0025] Furthermore, the configurations of a photocatalyst may be various gestalten, for example, 

can be used as powder, a particle, a pellet, a thin film, etc. 

[0026] 

[Example] Hereafter, this invention is not restricted by the following examples although an example 
explains this invention to a detail further. 

[0027] (Example 1) As a semi-conductor, anatase mold titanium oxide ("ST-1" by Ishihara Sangyo) 
was used. The solution which dissolved 0.0074g of a chromium nitrate and 6 hydrates in 10g of 
pure water was prepared, and the 10g of the above-mentioned titanium oxide was infiltrated. Then, 
one evening of titanium oxide which made the chromium nitrate contain by the above-mentioned 
processing was dried at 120 degrees C. Furthermore, 2g of titanium oxide which contains a 
chromium nitrate for the solution made to dissolve tetra-isopropoxide titanium 24g in ethanol 10g 
was infiltrated. The hydrogen gas which diluted this titanium oxide with the room temperature to 2% 
was performed by 200ml flow rate for /after desiccation, reduction processing was performed at 
400 degrees C with the sink for 8 hours, and the photocatalyst was obtained. 
[0028] (Example 2) If it replaced with 0.0074g of a chromium nitrate and 6 hydrates and the point 



using 0.01 27g of the second iron of a nitric acid and 9 hydrates was removed, the photocatalyst 
was obtained like the example 1 . 

[0029] (Example 1 of a comparison) If it replaced with hydrogen gas and the point using air was 
removed, the same processing as an example 1 was performed, and the photocatalyst was 
obtained. In addition, the flow rate of air presupposed that it is the same as the above-mentioned 
flow rate of hydrogen gas. 

[0030] (Example 2 of a comparison) 0.0722g of copper acetate and 1 hydrates and tetra- 
isopropoxide titanium 5.0g were dissolved in 45.0g ethanol. By leaving this solution at a room 
temperature, ethanol was evaporated and the desiccation solid was obtained. In [ after grinding this 
desiccation solid ] air, it heated at 400 degrees C for 2 hours, and the baking object was obtained. 
Furthermore, the solution made to dissolve tetra-isopropoxide titanium 24g in ethanol 10g was 
infiltrated into the above-mentioned baking object. After drying this baking object at a room 
temperature, the hydrogen gas diluted to 2% was performed by 200ml flow rate for/, reduction 
processing was performed at 400 degrees C with the sink for 8 hours, and the photocatalyst was 
obtained. 

[0031] (Reaction example 1) The prepared slide made from Pyrex glass (spreading area 20cm2) 
which applied to the 21. separable flask about 0.2g of photocatalysts obtained in the example 1 was 
installed. The acetaldehyde was poured into this flask so that it might become with 1000 ppm. After 
concentration was stabilized, the fluorescent lamp was irradiated with the brightness of 5000 luxs. 
24 hours after, when the concentration of an acetaldehyde was measured, it was 950 ppm. It was 
900 ppm, when it furthermore continued, the fluorescent lamp exposure was performed and the 
concentration of the acetaldehyde of 48 hours after was measured. 
[0032] (Reaction example 2) If the point using the photocatalyst obtained in the example 2 as a 
photocatalyst was removed, the decomposition trial of an acetaldehyde was performed like the 
reaction example 1 . 24 hours after, the acetaldehyde concentration whose initial concentration was 
1000 ppm was set to 850 ppm. It was 700 ppm, when it furthermore continued, the fluorescent 
lamp exposure was performed and the concentration of the acetaldehyde of 48 hours after was 
measured. 

[0033] (Example 1 of a reaction comparison) If the point using the above "ST-r as a photocatalyst 
was removed, the decomposition trial of an acetaldehyde was performed by the same approach as 
the reaction example 1 . 24 hours after, the acetaldehyde concentration whose initial concentration 
was 1000 ppm was set to 995 ppm. The amount of decomposition of the acetaldehyde in this 
example is equivalent to the abbreviation 1/10 of the amount of decomposition in the reaction 
example 1 . 

[0034] (Example 2 of a reaction comparison) If the point using the catalyst acquired in the example 

1 of a comparison as a photocatalyst was removed, the decomposition trial of an acetaldehyde was 
performed by the same approach as the reaction example 1. 24 hours after, the acetaldehyde 
concentration which was the initial concentration of 1000 ppm was 994 ppm. 

[0035] (Example 3 of a reaction comparison) If the point using the catalyst acquired in the example 

2 of a comparison as a photocatalyst was removed, the decomposition trial of an acetaldehyde was 
performed by the same approach as the reaction example 1. 24 hours after, the acetaldehyde 
concentration which was the initial concentration of 1000 ppm was 930 ppm. However, even if it 
continued further, and it irradiated the fluorescent lamp and having been measured 48 hours after, 
the concentration of an acetaldehyde was hardly falling with 925 ppm. Thus, in this example, the 
activity of a catalyst did not carry out long duration continuation. 

[0036] Furthermore, the decomposition trial of an acetaldehyde was performed using the xenon 
lamp which replaces with a fluorescent lamp and contains many ultraviolet radiation for reference. 





[0037] (Example 1 of reaction reference) If it replaced with the fluorescent lamp and the point using 
a xenon lamp was removed, the decomposition trial of an acetaldehyde was performed by the 
same approach as the reaction example 1 . 2 hours after, the acetaldehyde concentration which 
was the initial concentration of 1 000 ppm was 880 ppm. 

[0038] (Example 2 of reaction reference) It above "ST-1" Used as a photocatalyst, and if it replaced 
with the fluorescent lamp and the point using a xenon lamp was removed, the decomposition trial 
of an acetaldehyde was performed by the same approach as the reaction example 1 . 2 hours after, 
the acetaldehyde concentration which was the initial concentration of 1000 ppm was 720 ppm. 
[0039] The comparison with the reaction example 1 and the example 1 of reaction reference using 
the catalyst acquired in both the examples 1 shows that the light has contributed to decomposition 
of an acetaldehyde greatly in the light response mold photocatalyst of an example 1 . On the other 
hand, even if it uses as a catalyst the anatase mold titanium oxide used from the former from the 
comparison with the example 1 of a reaction comparison, and the example 2 of reaction reference, 
it turns out that the light cannot be used effectively. 

[0040] In addition, the result of the above-mentioned reaction example and the example of a 
reaction comparison is collectively shown in Table 1. 
[0041] 
(Table 1) 

Elapsed time (time amount) 

0 24 48 Reaction example 1 1000 950 900 Reaction example 2 1000 850 700 

Example 1 of a reaction comparison 1000 995 - Example 2 of a reaction comparison 1000 994 - 

Example 3 of a reaction comparison 1000 930 925 — — [0042] 

[Effect of the Invention] The photocatalyst which discovers a function by the light can be offered 
without using a special facility like ion implantation equipment according to this invention, as 
explained above. This light response type of photocatalyst can be used in various fields, such as 
deordorization, VOC removal, NOx removal, antifouling, antibacterial, and a wet solar battery. 



